The Baxter-like functional equation encoding the spectrum of anomalous dimensions of Wilson operators in maximally supersymmetric Yang-Mills theory available to date ceases to work just before the onset of wrapping corrections. In this paper, we work out an improved finitedifference equation by incorporating nonpolynomial effects in the transfer matrix entering as its ingredient. This yields a self-consistent asymptotic finite-difference equation valid at any order of perturbation theory. Its exact solutions for fixed spins and twists at and beyond wrapping order give results coinciding with the ones obtained from the asymptotic Bethe Ansatz. Correcting the asymptotic energy eigenvalues by the Lüscher term, we compute anomalous dimensions for a number of short operators beyond wrapping order.
1. Asymptotic Baxter equation and wrapping. To date [1] there is a significant body of data which suggests that the spectrum of all anomalous dimensions in planar maximally supersymmetric gauge theory can be computed overcoming complicated calculations Feynman diagrams. This finding [2, 3, 4, 5] generalizes previous observations that the spectrum of one-loop maximal-helicity gluon X = F +⊥ operators in pure gauge theory, 
can be calculated by identifying the dilation operator with the Hamiltonian of a noncompact Heisenberg magnet [6, 7] . The correspondence works by placing the elementary fields X(0) of the Wilson operator on the spin-chain sites and identifying spin generators with the ones of the collinear SL(2) subgroup of the (super)conformal group. The noncompactness of the spin chain is a consequence of the fact that there are infinite towers of covariant derivatives D + acting on those fields. The sl(2) subsector of the maximally supersymmetric gauge theory, which we study in this paper, is spanned by the Wilson operators (1) with the elementary complex scalar field X = φ 1 + iφ 2 [4] . The one-loop integrable structure was generalized to all orders in 't Hooft coupling g 2 = g 2 YM N c /(4π 2 ) and, though one is currently lacking a putative spin-chain picture for the dilatation operator, a set of Bethe Ansatz equations was put forward which survives a number of nontrivial spectral checks [8] . However, these equations allow one to calculate anomalous dimensions for Wilson operators as long as the order of the perturbative expansion does not exceed the length of the operator. Namely, when the interaction of the spins in the chain start to wrap around it, the aforementioned equations start to fail [9, 10] . Thus the true anomalous dimension for the Wilson operators are given a sum of two terms
The first contribution is determined by the solution to the asymptotic Bethe Ansatz equations and can be written as [11] 
in terms of a polynomial with zeroes determined by the Bethe roots u k
It has to be supplemented by the condition of the vanishing quasimomentum
in order to pick out only cyclic physical states. For vanishing 't Hooft coupling, u k (0) = u k,0 coincide with the Bethe roots of the short-range sl(2) XXX spin chain. However, at higher order of perturbation theory they acquire a nontrivial dependence on the 't Hooft coupling, and so does the Baxter function Q(u) = Q 0 (u) + g 2 Q 1 (u) + . . . . The Baxter polynomial Q(u) is a function of the spectral parameter and it is determined as a solution to a finite-difference equation known as the asymptotic Baxter equation
The dressing factors accompanying the polynomial depend on the renormalized spectral param-
The exponents σ and Θ encode nontrivial dynamics of the long-range field-theoretical "spin chain", with the first one
partially responsible for the renormalization of the conformal spin at higher orders of perturbation theory, and the second
providing smooth interpolation between the weak and strong-coupling expansions [12] . Here we presented the Θ-phase in a form of an infinite expansion with the transcendental coefficients
which is the most suitable form for perturbative analyses we perform in this paper. The onset of wrapping corrections starts from the order g 2(L+2) for the Wilson operators (1) [9, 10] . Thus the first few orders of the corresponding anomalous dimensions are free from these complications γ (asy) = g 2 γ 0 + g 4 γ 1 + . . . and can be determined efficiently from the Baxter equation (6) , γ ℓ = γ (asy) ℓ for ℓ ≤ L+1. The first wrapping correction to the anomalous dimensions is given by a multiparticle Lüscher formula, which was recently conjectured and tested for the Konishi operators and four-loop twist-two (L = 2) operators in Refs.
1 [13] ,
It is written in terms of
which also contains a kinematical pole at z = in in addition to the ones displayed explicitly in Eq. (10). 2. Transfer matrix revisited. The original proposal [11] for the transfer matrix t(u), entering the right-hand side of the Baxter equation, as a polynomial of order L in the bare spectral parameter u yields an inconsistent equation one order before the wrapping corrections set in. Since the Baxter equation has a number of advantages over the Bethe Ansatz equations,-with relative simplicity in its diagonalization, straightforward asymptotic solution for large values of quantum numbers of the Wilson operators, etc. being a few,-one has to seek for modifications of Eq. (6) which yield a self-consistent equation at any order of perturbation theory. A systematic inspection demonstrates that the aforementioned limitations can be easily overcome by merely modifying analytical properties of the transfer matrix and assuming the following ansatz for it
Here the upper limits in the sums depend on the length of the operator in question and the order of perturbation theory under consideration. Here, both sets of charges, Q k and R k , admit an infinite-series expansion in the 't Hooft coupling constant,
Only the leading order charges Q [0]
k≤L are related to the integrals of motion of the periodic shortrange sl(2) spin chain for g = 0, with
2 being expressed in terms of the eigenvalues of quadratic Casimir operator of the collinear conformal algebra,
and Q
[0] 1 = 0 vanishing to accommodate the tracelessness of the fundamental generators. On the other hand, the primary purpose of the compensatory charges R k and Q k>L is to eliminate non-polynomial terms arising in the left-hand side of the finite difference equation (6) stemming from the expansion of the renormalized rapidity parameter and dressing factors in Taylor series in the 't Hooft coupling. These emerge only at higher orders of perturbation theory, with R
[ℓ] k being nonvanishing starting only from the wrapping order,
They can be consistently found by matching both sides of Eq. (6) in terms of the Baxter functions Q ℓ (u) determined at previous orders of perturbation theory. Though it appears that the finite-difference equation (6) contains two unknowns, i.e., the Baxter function Q(u) (or Bethe roots) and the transfer matrix t(u) (or the charges), it allows to fix both. To simplify its solution, one can use the values of the charges Q 1 and Q 2 as inputs, both of which can be determined to all order of perturbation theory
+ (g) + ∆
(1)
The first term in Q 2 (g) being the renormalized quadratic Casimir of the sl(2) algebra
with the scaling dimension (N + 
The above charges are written in terms of the first two leading coefficients of the large-u expansion of the dressing factors σ ± and Θ,
with the weight functions being decomposed in terms of the Chebyshev polynomials U k (t),
Having the functional form of the transfer matrix fixed, one can immediately solve the Baxter equation order by order of perturbation theory by determining the roots of the Q-polynomial in terms of the charges Q k and then finding the latter. However, one can make a step further and completely constrain the compensatory charges at ℓ-th order in the 't Hooft coupling in terms of Baxter functions Q ℓ ′ (u) at orders ℓ ′ < ℓ. We present below solutions for up to twist four and six loops. As a demonstration of the efficiency of the framework, we compute a few anomalous dimensions including wrapping contributions from the Lüscher formula (10).
3. Twist two. Let us discuss the twist two and start by noticing that in the first three orders in the 't Hooft coupling g 2 , the charges Q
[ℓ<4] k>2 = 0 all vanish, while R k emerge already from four loops according to (16) , which is also the order when one has to account for wrapping effects. A straightforward calculation yields the following results for nonvanishing compensatory charges expressed in terms of the (ℓ + 1)-loop contribution γ + ℓ to the anomalous dimensions (20) and derivatives of the Baxter function summarized in the Appendix.
• Four loops:
ℜe γ + 0 .
• Five loops:
ℜe γ
, and the Q [4] k>2 coefficients: 
ℜe (γ + 0 ) 2 .
• Six loops:
ℜe 6γ
and the Q [5] k>2 :
We simplified these expressions making use of the fact that only zero quasimomentum states are physical such that taking the real part of these expressions becomes redundant as the Baxter polynomial is an even function with resect to the spectral parameter u. However we will keep the real part operation here for conformity with other values of L presented below.
The revised Baxter equation can be easily diagonalized for specific values of the conformal spin. For example, for N = 10 one finds at four-, five-and six-loops respectively. Notice that at four loops, the second line incorporates the contribution from the wrapping effects in agreement with earlier findings of Ref. [13] .
Twist three. The analysis of the twist-three sector goes along the same lines as outlined above. Compared to the twist two case, the compensatory charges Q k>L emerge starting from two loops already and are related to the lower-order spin-chain charges
Nontrivial effects appear from five loops and on. First, in Q [4] 3 there is an additive correction to the charge Q [3] 2 ,
• Five loops: Q
with the latter being 
The rest of nonvanishing compensatory coefficients read
These formulas were significantly simplified making use of the following identity
The latter does not reduce, however, the complexity of the six-loop expressions such that Q [5] k and R [5] k are rather lengthy to be presented here.
These findings were used to find selected anomalous dimensions. For instance, for N = 6 there are two eigenvalues with zero quasimomentum. One of them possesses a nontrivial value of the charge Q 
five loops, respectively, with numbers in the square brackets showing the value of the conserved charge Q coincides with the result of Ref. [14] . Finally, at six loops we get the asymptotic anomalous dimensions for the same states, 
which are rather obvious generalization of the ones for the L = 3 case. While at higher loops they acquire additional corrections
which will be given below order-by-order in coupling.
where the following identity was employed 2γ + 1 + 2γ
ℑm γ
ℜm γ + 0 (14γ
and
ℜe 2(γ 
and at six loops 
with the wrapping correction displayed in the second line. Again the one-loop eigenvalues of the conserved charges Q 4 are shown in the square brackets.
6. Outlook. The formalism we have presented here allows one to find analytical form of anomalous dimensions at high orders of perturbation theory for given conformal spins (N + 1 2 L) which can be arbitrarily large. We have limited ourselves to just a few specific eigenvalues merely due to space limitation. There are several avenues where the modified Baxter equation, we have presently suggested, can be employed in an efficient fashion. First, it can be used for analytical calculation of the anomalous dimensions of low-twist operators along the lines of Ref. [17] . Next, its asymptotic expansion for large spins N, as developed in Ref. [16] , can immediately be used to unravel the structure of preasymptotic terms, including nontrivial effects stemming from wrapping. These and other questions will be addressed elsewhere.
